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Objectives. A long-term follow-up study with nuclear magnetic
resonance (NMR) imaging was undertaken to detect the morpho-
logical onset and to establish the early diagnosis in apical
hypertrophic cardiomyopathy (HCM).
Background. A spadelike configuration on left ventriculogram
(LVG) is regarded as a diagnostic criterion for the classical apical
HCM. There also exists a segmented hypertrophy at the apical
level without indicating the spadelike features (a nonspade con-
figuration). To detect the hypertrophied myocardium of the
nonspade configuration, circumferential scrutiny of the apex is
required. Although both configurations can be underlying causes
of giant negative T waves, etiological relationship between the two
is not clarified.
Methods. The criteria for the spadelike configuration defined
on left ventricular short-axis NMR images were as follows: (apical
maximal thickness >215 mm), (apical anterior thickness over
basal anterior thickness >21.3) and (apical posterior thickness
over basal posterior thickness >21.3). Thirteen patients who had
predominant hypertrophy (>215 mm) at the apical level without
the spadelike configuration underwent NMR imaging twice before
and after 54 6 10 months’ follow-up.
Results. Apical hypertrophy that had been confined to the
lateral wall in four, the anterior-lateral wall in two, and the
septal-anterior wall in one developed to become circumferential
hypertrophy that fulfilled the criteria for the spadelike configura-
tion after the follow-up period.
Conclusions. The spadelike configuration can begin with the
nonspade configuration and therefore, both can constitute a single
disease entity of apical HCM. The early diagnosis of apical HCM
can be achieved by identifying the hypertrophy frequently con-
fined to the lateral wall at the apical level.
(J Am Coll Cardiol 1999;33:146–51)
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In the course of progress of the clinical stage of hypertrophic
cardiomyopathy (HCM) morphological features of the left
ventricle may alter. Classical apical HCM is characterized by
giant negative T waves (1) (Fig. 1) and a spadelike configura-
tion (2). This configuration on left ventriculogram (LVG) in
the right anterior oblique projection is delineated both by the
hypertrophied myocardium at the apical anterior wall and by
that at the apical posterior wall. In fact left ventricular
short-axis nuclear magnetic resonance (NMR) images demon-
strate that the apex of the spadelike configuration is hypertro-
phied circumferentially (Fig. 2) (3). As an additional underly-
ing disorder of giant negative T waves, a subtype of HCM with
apical predominance was identified by scrutinizing the apex on
left ventricular short-axis NMR images (3). The distribution of
the hypertrophied myocardium in this subtype is frequently
proven to be confined to the apical lateral wall which LVG in
the right anterior oblique projection cannot evaluate. Accord-
ingly, LVG in this projection often indicates the normal left
ventricular cavity (a nonspade configuration). Although the
features on LVG between the two configurations are quite
different (Fig. 2), both share the common clinical implication
of causing giant negative T waves.
NMR imaging can circumferentially quantify the apex on
the left ventricular short-axis images with high interstudy
reproducibility (4–6). Therefore, to clarify whether or not the
confined hypertrophy of the nonspade configuration developed
to become circumferential hypertrophy of the spade-like con-
figuration, and to study the timing of the transformation of the
localized apical hypertrophy to diffuse apical hypertrophy, in
other words, to identify the morphological onset of myocardial
hypertrophy at the apex and to establish early diagnosis in the
classical apical HCM, a long-term NMR follow-up study was
undertaken.
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Methods
Follow-up population. NMR imaging was consecutively
performed in patients who had chronic and progressive T wave
inversions and who were clinically suspected of having the
classical apical HCM. Thirty-three patients (Table 1) were
assigned to the subtype of HCM with the nonspade configu-
ration on the basis of the diagnostic criteria with NMR imaging
described below. The second NMR examination with a mean
follow-up period of 54 6 10 months was performed in 13
patients randomly selected from the 33 patients with the
nonspade configuration. Average age of the 13 patients was
54 6 9 years and their mean negativity of the deepest
negative T waves in the precordial leads was 8.6 6 4.5 mm
(1 mm 5 0.1 mV).
NMR imaging and measurements. For image acquisition,
Magnetom (Siemens Medical Systems, Erlangen, Germany)
with a 1.5-T superconducting magnet was used. The imaging
sequence was an electrocardiogram triggered spin-echo with
an echo time of 34 ms or a k-space segmented cine NMR
imaging (turboFLASH) with an echo time of 6.1 ms. All
measurements were done on end-diastolic left ventricular
short-axis NMR images at the basal level and at the apical
level. The basal level was set at the level of the mitral chordae.
The distance between the imaging plane for the apical level
and the tip of the left ventricular apex was 2–3 cm. The
maximal wall thickness was determined at the basal level and at
the apical level. The wall thicknesses of the septum, the
anterior wall, the lateral wall and the posterior wall were
evaluated on NMR short-axis images at the basal level. Simi-
larly the wall thicknesses of the septum, the anterior wall, the
lateral wall and the posterior wall were measured on NMR
short-axis images at the apical level (Fig. 2).
Definition of the spadelike configuration. In our previous
study, the apical wall thickness in the normal subjects was 9 6
2 mm (3). Accordingly, the wall thickness $15 mm (15 mm 5
mean 1 3SD) was considered to indicate hypertrophic at the
apical level. Moreover, (ratio of the maximal wall thickness on
the left ventricular short-axis NMR image at the apical level to
that at the basal level) $1.3 was tentatively considered to be
apical predominance. According to the original description of
the spadelike configuration, a silhouette of the left ventricular
cavity resembling a “spade” in a deck of playing cards on LVG
in the right anterior oblique projection was considered as the
spadelike configuration (2). This configuration is the reflection
of the hypertrophied myocardium at the apical anterior wall
and the apical posterior wall on LVG in this projection.
Therefore, both (ratio of the apical anterior wall thickness over
the basal anterior wall thickness) $1.3 and (ratio of the apical
posterior wall thickness over the basal posterior wall thickness)
$1.3 were required for the diagnosis of the spadelike config-
uration. The cutoff value of 1.3 was tentatively used for the
three abovementioned ratios.
Definition of the nonspade configuration. The patients
with myocardial hypertrophy with apical predominance, i.e.,
with (the maximal wall thickness on the left ventricular short-
axis NMR image at the apical level) $15 mm and (ratio of the
maximal wall thickness on the left ventricular short-axis NMR
image at the apical level to that at the basal level) $1.3, who
Abbreviations and Acronyms
HCM 5 hypertrophic cardiomyopathy
LVG 5 left ventriculography or left ventriculogram
NMR 5 nuclear magnetic resonance
Figure 1. Electrocardiogram obtained at first NMR examination from
patient 5 in group 1 shows inverted T waves (negativity: 14 mm 5
1.4 mV) with high peaked R waves.
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did not fulfill the abovementioned criteria for the spadelike
configuration were considered as apically predominant HCM
with the nonspade configuration.
NMR Follow-up. Thirteen patients who were diagnosed as
HCM with apical predominance with the nonspade configura-
tion on the first NMR imaging were randomly selected and
underwent the second NMR examination with the follow-up
period of 54 6 10 months. The imaging planes of the second
NMR examination coincided with those of the first NMR
examination as exactly as possible.
Statistical methods. All results were expressed as mean
value 61 S.D. Differences between the two groups were
analyzed with an unpaired t-test. Significant differences were
indicated by p , 0.05.
Results
Long-term outcome. The pattern of distribution of the
hypertrophied myocardium with wall thickness $15 mm at the
apical level on the first and the second NMR short-axis images
in 13 patients is summarized in Table 2. After the follow-up
period, 7 patients with the nonspade configuration at the first
NMR examination fulfilled the criteria for the spadelike
configuration at the second NMR examination (group 1). The
distribution pattern of hypertrophied myocardium on the first
NMR short-axis images at apical level in group 1 was (apical
lateral) in four patients (Fig. 3), (apical anterior-apical lateral)
in two patients (Fig. 4), and (apical septum-apical anterior) in
one patient. On the second NMR images, the localization of
segments with wall thickness $15 mm was (apical septum-
apical anterior-apical lateral-apical posterior, i.e., circumferen-
tial at the apical level) in six patients (Fig. 4), and (apical
anterior-apical lateral-apical posterior) in one patient (Fig. 3).
On the other hand, as to the remaining six patients with the
nonspade configuration (group 2) the pattern after the
follow-up period showed no changes in four patients and
indicated growth of hypertrophy, which was not enough to
fulfill the criteria for the spadelike configuration in two pa-
tients (group 2). On the short-axis images at the apical level of
the first NMR examination, the localization of the hypertro-
phied myocardium was confined to the apical lateral wall in
three patients and to the apical anterior wall in three patients
(Table 2).
The wall thickness of the left ventricle at the basal level and
at the apical level measured at the first and the second NMR
examination is summarized in Tables 3 and 4. The thickness of
the posterior wall at the apical level significantly increased in
group 1 after the follow-up period, whereas in group 2, there
was no significant change in the apical wall thickness of the
posterior wall.
Clinical features. Comparison of clinical features between
seven patients with transfiguration after the follow-up period
(group 1) and six those without transfiguration (group 2) is
summarized in Table 5. There was no difference in the
follow-up period between the two. Although the negativity of
the negative T waves of group 1 was significantly greater (p ,
0.05), there was no difference in the ratio of the maximal wall
thickness on the left ventricular short-axis NMR image at the
apical level to that at the basal level on the first NMR
examination.
Figure 2. Schematic representation of morphological features of clas-
sical apical HCM with spadelike configuration (left) and apically
predominant HCM with nonspade configuration (right). Top shows
long-axis images corresponding to LVG in right anterior oblique
projection. Bottom shows short-axis images obtained at basal level and
at apical level. Dotted lines on long-axis images represent levels for
setting basal and apical imaging planes for short-axis images. Dotted
line on each short-axis image indicates imaging plane for long-axis
image which corresponds to LVG in right anterior oblique projection.
Localization of hypertrophied myocardium at apical level is circum-
ferential in spadelike configuration and it is confined to a small region,
for example, to the lateral wall at apical level in nonspade configura-
tion. Note that hypertrophied myocardium confined to lateral wall is
not delineated on long-axis image. T(A,a) 5 anterior wall thickness at
apical level; T(A,m) 5 maximal wall thickness at apical level; T(A,p) 5
posterior wall thickness at apical level; T(B,a) 5 anterior wall thickness
at basal level; T(B,m) 5 maximal wall thickness at basal level; T(B,p) 5
posterior wall thickness at basal level.
Table 1. Study Population
Total
(n 5 33)
Followed
(n 5 13)
Not Followed
(n 5 20)
Age (years) 54 6 11 54 6 9 54 6 12
Sex (female/male) 6/27 4/9 2/18
Negativity (mm 5 0.1 mV) 9.2 6 4.5 8.6 6 4.5 9.5 6 4.6
Base/septal thickness (mm) 11.6 6 2.4 11.6 6 2.5 11.6 6 2.4
anterior wall thickness 12.1 6 2.4 11.6 6 2.1 12.4 6 2.6
lateral wall thickness 10.8 6 2.2 10.2 6 1.8 11.2 6 2.4
posterior wall thickness 8.8 6 1.7 8.8 6 1.7 8.7 6 1.8
maximal wall thickness 13.6 6 2.2 13.6 6 1.8 13.7 6 2.5
Apex/septal thickness 11.7 6 2.7 11.2 6 3.0 12.1 6 2.5
anterior wall thickness 14.8 6 4.5 13.3 6 4.0 15.8 6 4.7
lateral wall thickness 16.9 6 4.2 16.8 6 4.3 17.0 6 4.3
posterior wall thickness 9.1 6 1.8 9.1 6 2.1 9.1 6 1.6
maximal wall thickness 20.1 6 3.1 19.8 6 3.9 20.3 6 2.5
ratio 1.50 6 0.26 1.46 6 0.19 1.53 6 0.30
Thirteen followed patients were selected randomly. There was no statistical
difference in each measurement between followed patients and not followed
patients. Negativity 5 negativity (1 mm 5 0.1 mV) of deepest negative T wave
in precordial leads; Ratio 5 ratio of maximal wall thickness at apical level over
that at basal level.
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Discussion
In 1976, Sakamoto et al. reported asymmetrical apical
hypertrophy with an increase of magnitude of myocardial
hypertrophy toward the apex on M-mode echocardiography in
patients with giant negative T waves (1). In 1979, Yamaguchi et
al. described a configuration on end diastolic LVG in the right
anterior oblique projection (2). The configuration was nick-
named “spadelike” because the left ventricular cavity in this
projection resembled the “spade” in playing cards. This con-
figuration became a diagnostic criterion for the classical apical
HCM (7–16). In 1993, by scrutinizing the apex on left ventric-
ular short-axis NMR images, a nonspade subtype was identi-
fied as a new underlying disorder for markedly inverted T
waves whose hypertrophied myocardium was so narrowly
Figure 3. End-diastolic left ventricular short-axis NMR images at
apical level obtained at first (top) and second (bottom) examination
from patients 1 with follow-up period of 60 months. Site of apical
hypertrophy that was confined to lateral wall at first examination involved
anterior wall and posterior wall after follow-up period. a 5 anterior wall
at apical level; l 5 lateral wall at apical level; p 5 posterior wall at apical
level; s 5 interventricular septum at apical level.
Figure 4. End-diastolic short-axis NMR images of left ventricular apex
obtained at first (top, by spin-echo) and second (bottom, by turbo-
FLASH) studies from patient-5. Anterior-lateral hypertrophy devel-
oped to become circumferential after follow-up period of 72 months.
Abbreviations as in Figure 3.
Table 2. Pattern of Distribution of Hypertrophy at Apical Level
Group 1 Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7
First NMR l l l l a-l a-l s-a
Second NMR a-l-p s-a-l-p s-a-l-p s-a-l-p s-a-l-p s-a-l-p s-a-l-p
Group 2 Patient 8 Patient 9 Patient 10 Patient 11 Patient 12 Patient 13
First NMR l l l a a a
Second NMR l l a-l a a a-l
Pattern of distribution of hypertrophy with wall thickness $15 mm at apical level is presented for each case. a 5
anterior wall with wall thickness $15 mm; l 5 lateral wall with wall thickness $15 mm; NMR 5 nuclear magnetic
resonance examination; p 5 posterior wall with wall thickness $15 mm; s 5 intraventricular septum with wall thickness
$15 mm.
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confined to a small region at the apical level, for example, to
the apical lateral wall, that LVG in the right anterior oblique
projection did not indicate the spadelike configuration or did
not demonstrate even the existence of the confined hypertro-
phy (3). It is not clarified whether the nonspade configuration
and the spadelike configuration constitute the two indepen-
dent disease entities or whether the former is the beginnings of
the latter.
NMR imaging demonstrates that the distribution of the
hypertrophied myocardium is circumferential at the apical
level in patients with the spadelike configuration. In 7 patients
from the current study, left ventricular short-axis NMR images
revealed that the localization of hypertrophied myocardium
confined to the apical lateral wall or to the apical anterior wall
at the first NMR examination became almost circumferential
after the follow-up period. This transfiguration of pattern of
distribution of hypertrophy at the apical level was due to an
increase in the wall thickness of the posterior wall at the apical
level. Thus, the possible process of growth of myocardial
hypertrophy from onset to the classical HCM with the spade-
like configuration is not circumferentially homogeneous at the
apical level but is segmented with starting from mainly lateral
wall and expanding to the anterior wall and to the posterior
wall at the apical level. Thus, the spadelike configuration
begins with the nonspade configuration, or the nonspade
subtype is not an independent disease entity but possibly is the
early stage of the single disease entity of apical HCM. However
it is noteworthy that even such a small amount of hypertrophy
of the early stages of apical HCM with the nonspade configu-
ration does cause giant negative T waves. The early diagnosis
of apical HCM is achieved by identifying the small quantity of
hypertrophied myocardium frequently confined to the lateral
wall of the apex which can be detected only on the left
ventricular short-axis images.
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